Summary: The interest in investigating the biological roles of small non-coding RNAs (sncRNAs) is increasing, due to the pleiotropic effects of these molecules exert in many biological contexts. While several methods and tools are available to study microRNAs (miRNAs), only few focus on novel classes of sncRNAs, in particular PIWI-interacting RNAs (piRNAs). To overcome these limitations, we implemented iSmaRT (integrative Small RNA Tool-kit), an automated pipeline to analyze smallRNA-Seq data. Availability and Implementation: iSmaRT is a collection of bioinformatics tools and own algorithms, interconnected through a Graphical User Interface (GUI). In addition to performing comprehensive analyses on miRNAs, it implements specific computational modules to analyze piRNAs, predicting novel ones and identifying their RNA targets. A smallRNA-Seq dataset generated from brain samples of Huntington's Disease patients was used here to illustrate iSmaRT performances, demonstrating how the pipeline can provide, in a rapid and user friendly way, a comprehensive analysis of different classes of sncRNAs. iSmaRT is freely available on the web at ftp://labmed molge-
Introduction
Recent advances in the functional characterization of non-proteincoding RNAs have highlighted how different classes of small noncoding RNAs (sncRNAs) control gene expression at multiple levels during normal physiology and are involved in pathologic conditions (Ravo et al., 2015) . Growing interest has more recently emerged toward PIWI-interacting RNAs (piRNAs), involved in transposon silencing, epigenetic programming, DNA rearrangement, mRNA turnover and translational control, both in germline and somatic cells (Ross et al., 2014) , and in tumorigenesis (Martinez et al., 2015) . These advances have been made possible thanks to improvement in small RNA sequencing (smallRNA-Seq) technologies and the development of ad hoc computational tools such as iSRAP (Quek et al., 2015) , ncPRO-Seq (Chen et al., 2012) , Piano (Wang et al., 2014) , iMir (Giurato et al., 2013) and piPipes (Han et al., 2015) . These bioinformatics pipelines allow to perform different analyses on smallRNA-Seq data (Supplementary Table S1 ), focusing in particular on miRNAs, but none allows to carry out a comprehensive evaluation of piRNAs. Given the growing interest in piRNAs, bioinformatics tools are increasingly needed to assist researchers in more effective 
Methods
iSmaRT is an analytical pipeline, written in Python and developed in a virtual machine, that integrates several third-party softwares widely used for the analysis of smallRNA-Seq data with own algorithms. It consists of a workflow allowing several key analytical steps with multiple programs, that can also be used independently ( Supplementary Fig. S1 ). The Graphical User Interface (GUI) interconnects all these tools and allows fine tuning of their adjustable parameters. sRNAbench (Rueda et al., 2015) is the core of iSmaRT, for its capability to detect several classes of sncRNAs, being used to perform the main analytical steps required. Starting from raw sequencing data, iSmaRT first conducts quality control and filtering of the sequence reads using FASTQC (http://www.bioinformatics. babraham.ac.uk/projects/fastqc/), while Cutadapt (Martin, 2011) or sRNAbench are used to remove the adapter sequences and low quality reads. Thanks to sRNAbench iSmaRT allows to define 0 filter libraries 0 , removing all unwanted reads from the analysis. Once defined by the user the sncRNA classes to be investigated, the tool performs quantification of the reads belonging to each of them. It makes also possible to detect and classify isomiRs and other isoRNAs. iSmaRT produces several plots, such as those showing read-length distributions specifically for the sncRNA class investigated, or Principal Component Analysis (PCA) results and sampleto-sample Euclidean distance heatmaps. Differential expression analysis is performed in iSmaRT integrating three Bioconductor statistical packages: DESeq2 (Love et al, 2014) , edgeR (Robinson and Smyth, 2008) and NOISeq (Tarazona et al., 2015) . Our choice was mainly focused on tools that implement normalization methods suitable for smallRNA-Seq (Tam et al., 2015) . In recent studies, germline piRNAs have been detected also in somatic cells, highlighting the importance of identifying specific piRNAs in mammalian somatic tissues, where their exact number and functional roles still remain to be elucidated (Ross et al., 2014) . To address this issue, we integrated in iSmaRT two features that can help researchers to address this issue. First, a novel piRNA prediction method was integrated in the tool-kit, working on 25-36nt-long reads filtered out from other classes of sncRNAs and using an algorithm based on k-mer scheme (Zhang et al., 2011) . This provides a way to identify novel somatic piRNAs that can then be further studied. Secondly, as increasing evidence suggests that piRNAs are able to drive degradation of certain RNA targets via a miRNA-like mechanism that operates by imperfect base-pairing rules (Zhang et al., 2015) , we implemented the approach proposed by these Authors for identification of potential piRNA targets. The enrichment analysis of Gene Ontology terms on miRNA and piRNA RNA targets is performed using the R bioconductor package TopGO (Alexa and Rahnenfuhrer, 2010 ) and pathway analysis is performed by ReactomePA (Yu and He, 2016) , with the possibility to filter the list of mRNA targets against a dataset of mRNAs of interest, such as for example those expressed in the samples under study. iSmaRT includes also a module for identification of RNAediting events, comprising REDItools (Picardi and Pesole, 2013) .
Results
We analyzed with iSmaRT the smallRNAs sequencing data by Hoss et al. (2015) , that demonstrated miRNA involvement in Huntington's disease (HD) pathogenesis by comparing their expression in the prefrontal cortex from 26 symptomatic HD patients and 36 healthy controls. We thereby illustrated the performance of iSmaRT in providing a detailed analysis of miRNA and piRNA differentially expressed and of piRNA-mRNA interactions.
Testing procedure
The brain smallRNA-Seq datasets have been analyzed by setting the default iSmaRT parameters. The test was performed on miRNAs and piRNAs. Considering piRNAs, this allowed identification of 2200 such RNAs present in the datasets analyzed (Supplementary Table  S2 ). Differential expression analysis was performed comparing HD and control samples, revealing 16 piRNAs differentially expressed in HD samples. The results are summarized in Supplementary Table S3 and Supplementary FigureS2 and S3. It is worth mentioning that cluster analysis revealed a meaningful sample distribution between the two groups. Novel piRNA prediction allowed identification of 40 000 piRNA-like RNAs (Supplementary Table S4 ). To address the potential functional impact of the 16 piRNAs found deregulated in HD, we performed target prediction, followed by Reactome Pathway enrichment analysis (Supplementary Table S5 and Supplementary Figs S4 and S5) . This revealed the involvement of several genes encoding piRNA target mRNAs involved in pathways related to brain physiopathology, such as for example 'CASP8 activity' (CFLAR gene, Strand et al., 2005) and 'Downregulation of TGF-beta receptor signaling/ Downregulation of SMAD2/3:SMAD4 transcriptional activity' (NEDD4L gene, Ding et al., 2013) . Finally, miRNA and piRNA sequence analysis revealed, for a subset of HD samples, the presence of canonical and non-canonical editing events (Supplementary Table S6 ).
Conclusion
In this paper we describe a novel tool to provide users with an accurate and complete analysis of miRNAs, piRNAs and other sncRNA classes from smallRNA-Seq data. Differently from other tools with similar functions, iSmaRT focuses mainly on piRNAs, integrating in its workflow two modules built for prediction of novel piRNAs and their RNA targets. iSmaRT: a toolkit for a comprehensive analysis of small RNA-Seq data
